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(54) Method for separating nucleic acids by means of liquid chromatography 

(57) Disclosed is a method for separating nucleic 
acids by hydrophobic interaction chromatography. The 
purpose is to provide a method for separating and puri- 
fying nucleic acids by hydrophobic interaction chroma- 
tography, which enables to separate nucleic acids such 
as plasmids and DNA fragments in a shorter time. 
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Description 



[0001 j The present invention relates to a method for separating and purifying nucleic acids to be used for flfi nn mo 

[0003] For using nucleic acids for the therapy of human. H is desirable that the nucleic acid* «n ho c 0 „o , a + 
punfted keeping the same structure (higher-order structure) as they exist in OTa^ST^^^^^ 2 nd 

10004 Fo, separating and puri^ing long chan „,*« acids sa,* „ DMAs and pteils »SS rtLk 
bad.™, chamasl tote,.* ™*od s ha,, baan used most IraquonO,, so la, * ™ d 

.. ,«te oywtateo man^a. NaOH ptfd, denan^SSd«^Nl,1SS 

45 SaS Sove 9 rm^nff *" T"** *" method and the electrophoretic separation 

^^11 1 separating and purifying nucleic acids that utilizes liquid chromatography has been 

chromL^v IT? ? m6,h0d US ' ng ,hB i0n 6XChan9e chromatographic method or reversed phSe 
The -nvention as defmed ,n c.a,m 7 of the present application provides a method for separating and purtJjES 



50 



55 



2 



EP 0 964 057 A1 



acids characterized by using hydrophobic interaction chromatography and ion exchange chromatography in combina- 



tion 



Fig. 1 is a chromatogram showing the result of separating a cleared lysate of Escherichia cjpjj by means of hydro- 
phobic interaction chromatography according to Example 1 . 

Fig. 2 is a chromatogram showing the result of separating an eluate of hydrophobic interaction chromatography by 
means of ion exchange chromatography according to Example 1. 

Fig. 3 is a schematic diagram of the images of gel electrophoresis showing the results of the purity assay of plasmid 
fractions obtained according to Example 1 and Comparative Example 1 . 

Fig. 4 is a chromatogram showing the result of separating a cleared lysate of Escherichia coli separated by means 
of ion exchange chromatography according to Comparative Example 1 . 

Fig. 5 is a chromatogram showing the result of separating a cleared lysate of Escherichia coli by means of hydro- 
phobic interaction chromatography according to Example 2. 

Fig. 6 is a chromatogram showing the result of separating an eluate of hydrophobic interaction chromatography by 
means of ion exchange chromatography according to Example 2. 

Fig 7 is a chromatogram showing the result of separating a cleared lysate of Escherichia mli by means of ion 
exchange chromatography according to Comparative Example 2. 

[0015] In the Figures, the numerals represent the following: 

numeral 1 peak of impurities 
numeral 2 peak of plasmid-fraction 
numeral 3 DNA size marker 

numeral 4 plasmid-fraction obtained by comparative Example 1 
numeral 5 plasmid-fraction obtained by Example 1 
numeral 6 commercial purified plasmid 

[0016] In the following, the invention will be illustrated in detail using the case of separating and purifying a plasmid 
being a long chain nucleic acid from Escherichia coli, cultured in large quantity as an example. In such case, the inven- 
tive methods are useful for separating and purifying nucleic acids such as plasmids and DNAs being the desired prod- 
ucts. " 

[001 7] The compounds to be used for the synthesis of base materials that are used for the packing material for the 
hydrophobic interaction chromatography and ion exchange chromatography to be used in the invention may be any 
compounds, if various functional groups that exhibit hydrophobicity or various ion exchange groups can be introduced 
by a post-reaction after the base materials were synthesized in both cases. For example, as myofunctional monomers 
styrene, o-halomethylstyrene, m-halomethylstyrene, p-halomethylstyrene, o-haloalkylstyrene, m-haloalkylstyrene p- 
haloalkylstyrene, a-methylstyrene, a-methyl-o-halomethylstyrene, a-methyl-m-halomethylstyrene, a-methyl-p-halom- 
ethylstyrene, a-methyl-o-haloalkylstyrene, a-methyl-m-haloafkylstyrene, a-methyl-p-haloalkylstyrene, o-hydroxymethyl- 
styrene, m-hydroxymethylstyrene, p-hydroxymethylstyrene, o-hydroxyaJkylstyrene, m-hydroxyalkylstyrene p- 
hydroxylalkylstyrene, a-methyl-o-hydroxymethylstyrene, a-methyl-m-hydroxymethylstyrene, a-methyl-p-hydroxymethyl- 
styrene, a-methyl-o-hydroxyalkylstyrene, a-methyl-m-hydroxyalky!styrene. a-methyl-p-hydroxyalkylstyrene glycidyl 
methacrylate, glycidyl acrylate, hydroxyethyl acrylate, hydroxymethacrylate, vinyl acetate, etc. can be exemplified 
[0018] Here, as examples of haloalkyl groups substituted on an aromatic ring, halogens such as CI Br I and F and 
straight chain and/or branched saturated hydrocarbons with carbon atoms of 2 to 1 5 are mentioned. 
[0019] As polyfunctional monomers, divinylbenzene trivinylbenzene, divinyltoluene, trivinyltoluene divinylnaphtha- 
lene, tnvmylnaphthalene, ethylene glycol di methacrylate, ethylene glycol diacrylate, Methylene glycol dimethacrylate 
diethylene glycol diacrylate, methylenebismethacrylamide, methylenebisacrylamide, etc. can be exemplified 
[0020] As described above, for the compounds to be used in the invention, there is no special restriction provided it 
is possible to introduce various functional groups that exhibit hydrophobicity or various ion exchange groups by the 
post-reaction, but, in order to minimize the influence on the products desired to separate due to the hydrophobicity 
exhibited by the base material itself, or the swelling or shirinking of the base material itself due to the change in salt con- 
centration and the change in pH value, it is particularly preferable to prepare the base material using relatively 
hydrophihc monomers, for example, glycidyl methacrylate, glycidyl acrylate. hydroxyethyl acrylate, hydroxymethacr- 
ylate, vinyl acetate, etc. 

[0021 ] How to commonly make the base material using said monomers is as follows (how to make the base material 
is not confined to a method shown here): First, monofunctional monomers and polyfunctional monomers are weighed 
out at an appropriate ratio and precisely weighed-out diluent (solvent used for the purpose of adjusting the pores in the 
particles formed) and similarly precisely weighed-out; the polymerization initiator is added, followed by well stirring 1 
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~n e ™ — the m*ure „ 

™L£^ * «- restricted, an,. ,o i mo. of 

soft particles (base material) and aZd o 2 £ ™ 5 md TSn t cTT *Z the C3Se °' maWn9 rel ^ 

ing harder particles, po.yfunctional monorn ,er akin ma^ be th ? hart PartiC,6S; in 4,16 case ° f >«*- 

restricted. and the azobis type w!tolI£Z^£l "L^* ^enzXion initiator is also not particularly 

may be 100 to 500 ^m. more preferably arour^ 200 to Jnn ^15 . ^ Pf0dUCt ,rom crude stock »■•*». « 
of .he stirrer may be "adjusted duTnZ'ly^SZlTr^^ if" 19 *" ***** diame,er ' ,he ro,a «°" al ^eed 
oMions may be increased and. S^SSS^SS^^ T T"? " the number 0< rev " 

since the diluent to be used is used for adjusting ™ r ,?T , b6f 01 revolu,ions «V be decreased. Here, 
important. As a fundamental oWto^SKS be ul£ T I"* 1 - 8 * ^ Se ' eCfon °' ** *** iS P"*** 
^nso,ase*er*tha,isap^ 

size of pore diameter may be selected annmnri a tai„ a. Qa>d so,vent for the monomer. The 

aims to separate, but i, is prefe a^ *! ^ « ,he nudeic a « ds " hi <* one 

bic interaction chromatography and J£ ^,^2^^^ for the hydropho- 

exchange chromatography. In the hvdroohohir kLZh. k . An9Stroms ,or *» P**"ig material for the ion 
hydrophobic^ prefeL" by nucleic a « ds Cerent 

tion of the base materia, is ^TTSpSetS^S hyd ? ph ^ ^actively, the surface modifica- 
notdeviate from the purpose toseparafenudei^ 

hydrophobicity. respectively, but hSphooic™^^ 
consistingotfeno.-^ 

btJC^^ 

Compounds (b): Compounds reoresemi iT^h matlC ; in9 may be contained "> *e hydrocarbon group). 

or branched, and A is a C JVgroup 2 an eth^ofoup ouVme ST *°*> «V be straight chained 

material without A) *° U * bUt lhe alkylene grou P "V be bonded directly to the base 

to7(Z^ 

is or may be capped^ alky. gn^S^^J?^* 8 ^ ^ be a " OH 9 ™P '*« as « 



Base 



ma^ ri ^A<CH2)n~^ -^_c mH 2m4.i (1) 
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with carbon atoms of 6 to 20 are suitable. Upon separating these compounds, compounds may be selected appropri- 
ately to modify the surface without being confined to said exemplification. The reason for this is that the degree of hydro- 
phobicity of the packing material varies depending on the concentration of salt in the medium or the concentration of 
salt in the eluent for adsorption. Moreover, this is because of the fact that, even with the same functional group, the 
5 degree of hydrophobicity of the packing material differs depending on the amount of the group introduced into the base 
material. 

[0026] The pore diameter of the base material for hydrophobic interaction chromatography is particularly preferable 
to be 500 to 4000 Angstroms, but it can be selected appropriately from said range depending on the molecular size of 
the nucleic acids which one aims to separate. In general, since the retention of nucleic acids on the packing material 
w and the adsorption capacity (sample loading) differ depending on the pore diameter, it is preferable to use a base mate- 
rial with large pore diameter for nucleic acids with large molecular size and a base material with small pore diameter for 
nucleic acids with small molecular size. 

[0027] Next, one example of the methods for reacting these hydrophobic groups with base material will be described. 
In the case of the base material being a styrene base and reacting with compounds in the first and second category, 

15 using a halogen-containing compound B and/or a carbonyl halide C and a catalyst such as FeCI 3 , SnCI 2 or AICI3, and 
utilizing Friedel -Craft reaction, it is possible to add directly to an aromatic ring in the base material a dehalogenated 
compound B and/or acylated compound C. In the case of the base material being a particle containing a halogen group 
and, for example, using compounds with OH contained in functional group to be added, like butanol, and utilizing Wil- 
liamson reaction with alkali catalyst such as NaOH or KOH, it is possible to introduce the functional group through an 

20 ether bond. In the case of the functional group which one intends to add being an amino group-containing compound, 
like hexylamine, it is possible to introduce this compound by using an alkali catalyst such as NaOH or KOH followed by 
a dehydrohalogenation reaction. If an epoxy group is to be introduced into a base material containing OH groups, hal- 
ogen groups or carbonyl halide groups may be introduced beforehand into the functional group to be added, so that it 
is possible to introduce the functional group through an ether or ester bond. In the case of the base material containing 

25 epoxy groups, and if reacting with a compound with OH groups or amino groups contained in the functional group one 
intends to add, it is possible to introduce the functional groups through an ether or amino bond. Moreover, if the func- 
tional group one intends to add contains halogen groups, it is possible to add the functional group through an ether bond 
using an acid catalyst. Since the proportion of functional groups to be introduced into the base material is influenced by 
the hydrophobicity of subject product to be separated, preferably in general, packing material with around 0.05 to 4.0 

30 mmol of functional groups added per 1 g of dried base material is suitable. 

[0028] With respect to the surface modification, a method of adding the functional groups through post-reaction after 
formation of the base material (particles) has been exemplified above, but no difference exists, even if a method may 
be adopted, wherein the base material is formed after polymerization using monomers with said functional groups 
added before polymerization, thus posing no particular problem. In addition, the base material to be used may also be 

35 porous silica gel. As an example of the method of manufacturing silica gel, silane coupling may also be conducted, 
using a compound such as alkyltrimethoxysilane, directly onto particles manufactured according to the method 
described in "Latest High-Speed Liquid Chromatography", page 289 ff. (written by Toshio Nambara and Nobuo Ike- 
gawa, published by Tokyo Hirokawa Bookstore in 1988). Or, after conducting the silane coupling using an epoxy group- 
containing silane coupling agent, the functional group may be added according to the method aforementioned. As for 

40 the proportion of functional groups to be introduced, packing material with around 0.05 to 4.0 mmol of functional groups 
added per 1 g of dried base material is suitable. 

[0029] Next, one example of the methods of separating and purifying a nucleic acid using these packing materials will 
be described. First, as the eluents to be used for the hydrophobic interaction chromatography of the invention, at least 
two types of eluents consisting of eluent A containing high-concentration of salt and eluent B containing low-concentra- 

45 tion of salt are used. The eluting method switching stepwise from eluent A to eluent B and the gradient eluting method 
continuously changing the composition from eluent A to eluent B can be used. For the buffers and salts to be used in 
these eluents, those used usually for hydrophobic interaction chromatography can be used. For the eluent A containing 
high-concentration of salt, an aqueous solution with a salt concentration of 1 .0 to 4.5M and a pH value of 6 to 8 is par- 
ticularly preferable. For the eluent B containing low-concentration of salt, an aqueous solution with a salt concentration 

so of 0.01 to 0.5M and a pH value of 6 to 8 is particularly preferable. For the salts, ammonium sulfate and sodium sulfate 
can be exemplified. 

[0030] In the invention, it is particularly preferable to conduct the hydrophobic interaction chromatography by combin- 
ing a packing, material having a functional group with weak hydrophobicity with a packing material having a functional 
group with strong hydrophobicity in sequence. This method is suitable particularly for the separation of plasmids. For 
55 example, in the medium wherein Escherichia coli has been cultured in large quantity, various components with different 
hydrophobicity such as polysaccharides, Escherichia coli genome DNA, RNAs plasmids and proteins are contained, 
and, according to the inventors' knowledge, there are differences in the hydrophobicity even among nucleic acids them- 
selves; protein impurities have higher hydrophobicity compared with plasmids which are the desired product. Hence, by 
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connecting columns packed with various packing materials with different hydrophobicity in order from lower hydropho- 
bicity, plasmids can be separated and purified efficiently. Concretely, after adsorbing sequentially onto the packing 
materials with increasing higher hydrophobicity in order from higher hydrophobicity of components in the medium, the 
column with the desired component adsorbed alone is detached and eluted. 

5 [0031 1 In the invention, it is preferable to separate and purify nucleic acids by hydrophobic interaction chromatography 
and ion exchange chromatography in combination for efficiently obtaining nucleic acids with high purity in large quantity. 
Here, for the hydrophobic interaction chromatography, packing material etc. as described above can be used. Moreover, 
here, as the hydrophobic interaction chromatography, it is particularly preferable to connect columns packed with vari- 
ous packing materials different in hydrophobicity in order from lower hydrophobicity. 

10 [0032] The packing material to be used for ion exchange chromatography for purifying the desired plasmid having 
been separated beforehand by means of hydrophobic interaction chromatography further to higher purity is preferable 
to have relatively large pore diameter, particularly within a range from 1500 to 4000 angstroms. How to commonly make 
the base material used for ion exchange chromatography is as described above, and the surface modification to intro- 
duce ion exchange groups to these base materials can be performed by publicly known methods. 

is [0033] As the eluents to be used for the ion exchange chromatography, at least two types of eluents consisting of elu- 
ent C containing a low concentration of salt and eluent D containing a high concentration of salt are used. The eluting 
method switching stepwise from eluent C to eluent D and the gradient eluting method continuously changing the com- 
position from eluent C to eluent D can be used. For the buffers and salts to be used in these eluents, those used usually 
for the ion exchange chromatography can be used. For the eluent C containing a low concentration of salt, an aqueous 

20 solution with a concentration of buffer of 1 0 to 50 mM and pH value of 6 to 9 is particularly preferable. For the eluent D 
containing a high concentration of salt, an aqueous solution with 0.1 to 2M sodium salt added to eluent C is particularly 
preferable. As sodium salts, sodium chloride and sodium sulfate can be mentioned. 

[0034] Moreover, a component other than buffer can be contained in both eluents, and, in particular, a chelating agent 
for a bivalent metal ion, for example, ethylenediamine-tetraacetic acid is particularly in the case of separating plasmids 

25 preferable, since it can inhibit the degradation of plasmids due to DNA-degrading enzymes in the lysate of Escherichia 
coli . The concentration of the chelating agent for the bivalent metal ion is preferably 0.1 to 100 mM. 
[0035] And, in the particularly preferable embodiment of the invention, the eluent A with high salt concentration pre- 
pared according to the aforementioned method is passed through columns of hydrophobic interaction chromatography, 
which are connected in order from lower hydrophobicity. After having reached the stationary state, the medium of 

30 Escherichia coli etc. is injected into a column omitting the degrading manipulation of RNA with degrading enzyme etc. 
Successively, the eluent A is passed through to flow out the compounds that were not adsorbed in any column outside 
the system. Thereafter, the column with the desired compound adsorbed alone is detached and the desired product is 
eluted by the stepwise method or gradient method. Following this, the eluent C is passed through said ion exchange 
column, and, after the stationary state has been reached, the elute containing the desired product is injected as it is. 

35 Thereafter using the eluent D, the desired product is eluted by a stepwise method or gradient method to obtain the puri- 
fied product 

[0036] The invention provides a method for separating and purifying nucleic acids by simple manipulation. Concretely, 
in the preferable embodiment of the invention using columns wherein columns packed respectively with packing mate- 
rials different in hydrophobicity are connected in order from lower hydrophobicity, the desired nucleic acids, in particular, 

40 long chain nucleic acids such as plasmids can be separated and purified simply in large quantity only by passing the 
solution front the pretreatment process in the conventional manipulation. Besides, in the invention, it is also possible to 
separate and purify nucleic acids by passing the solution obtained from the pretreatment process involving degrading 
manipulation of Escherichia coli -oriqinated RNA with degrading enzyme in the conventional pretreatment process 
which was omitted above, directly through the columns of hydrophobic chromatography. 

45 [0037] In the invention, if using the hydrophobic interaction chromatography and the ion exchange chromatography in 
combination, which is preferable in particular, it is possible to separate and purify the desired nucleic acids with high 
purity, in particular, long chain nucleic acids such as plasmids in large quantity by simple manipulation. 
[0038] As described, according to the inventive method for separating nucleic acids, the desired products with high 
purity can be obtained in large quantity by simpler manipulation over the conventional method. 

so [0039] In the following, the invention^will be illustrated in more detail based on the examples, but the invention is not 
confined to these examples. 

Example 1 

55 (1) Preparation of packing material for hydrophobic interaction chromatography 

[0040] Employing a packing material for gel filtration chromatography (G6000PW (from Tosoh Corp.)) with average 
particle diameter of 20 urn andavej^gejaoradiameter of 2000 angstroms as the base material, the packing materia! for 
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the hydrophobic interaction chromatography was prepared. A mixture of 20 g of G6000PW washed and substituted with 
no ™w ? 9 ° 1 ; 4 ^'°r n l and 1 9 of 1 -2-epoxybutane was stirred and mixed for 6 hours *%*££^£ 

hours at 45 -c to obtain packing m^^iiSS^ fs C^S^S^^ .tS£i 
(2) Separation of a plasmid by hydrophobic interaction chromatography 

XL ^r Egchtfchtaert h aving pBR322 as a plasmid was cultured for 16 hours at 37 «C the medium was sub 
ethylened.ammetetraacetic acid (hereinafter referred to as EDTA), which wL stirred and Sen allowS to In! lor 5 

[0042] Next, 15 ml of 3M sodium acetate buffer (pH 5.4) were added thereto, and the mixture was stirred slowlv anH 

s^tr^'srr: wi : h t ^ * n& ^ been s^sxssi'E 

^o m nutes at 4 C and 10000 rpm, the supernatant was collected to obtain a cleared lysate of Escherichia crti A« er 
equal volume of 0 1M sodium phosphate buffer (pH 7.0) staining 4M ammonium su.Se wBsSS^usnS 
■quor of EsteiuacoU this mixture was subjected to a hydrophobic interaction chromatogmprT 

LTn im 1 k ° f B- » WPW «*™» and 0^'-6PW column linked in series, which were equilibrated 

w,th 0.1M sodium phosphate buffer (pH 7.0) containing 2M ammonium sulfate and 1 mM EDTA ml ,2 c ushS 
K,uor of Es&^tesM containing ammonium sulfate were injected, and then 0.1 M soZJ fphosp^e buter foH 7 W 
contammg 2M ammomum sulfate and 1 mM EDTA was fed into the tandem columns for 20 rSes at 7w rSe of 1 
mH» to elute me impure substances outside the columns. Following this, after having iSSl^^SJ 
outs,de the low path system. 0.1M sodium phosphate buffer (pH 7.0) containing 1 mM EDTA was fed for 15 lis Tf 
low rate of 1 nWmm into only Octyl-6PW column. As a result a chromatogram as shown in Fig TwS^ tl^Tn Ra 
1. numeral 1 shows a peak of impurities and numeral 2 shows a peak of plasmid-containing io^fc^ lata 

ZlZ rati0n °' 3 P,aSm,d ^ 8 COmbined ° f ** d ™»* obfc in,eracfon chromatography and ion exchange chroma- 



35 tography 



40 



45 



Eer iiSS^tSSSfL th V° n ^r 96 chromato g ra P^ DE *E-5PW (trade name, from Tosoh Corp.. inner 
diameter of 7^5 mm, length of 7.5 cm) was used. Into DEAE-5PW column equilibrated with 20 mM Tris hydrochloric arid 

S ^ T ain]n ^ 6M "* im Ch, ° rWe 3nd 1 mM EDTA ' 3 ml °' P |asmid < -ctionwas lSS?SSS 
mM Tns hydrochloric acd buffer (pH 7.5) containing 0.6M sodium chloride and 1 mM EDTA was f ed intTthe column Z 
35 m,nu,es a.«,^^^ 

by a gradient method wherein the concentration of sodium chloride in 20 mM Tris hydrochloric add I bXTfoK 7 swf 

EDTA T cUa T cortinuoudy from 0 6M 10 0 8M wer 30 nS LSI 

a S T ^ >n r g 2 WaS ° b,ained - Fi9 - 2 ' numeral 1 shows P«te of impurities and numeS 2 S 

SEES?""* ? ^J*™™*- «*" dyeing the gel after the electrophoresis with ethidJ blide e^ 
trophoretic .mages as shown in Fig. 3 were obtained. In Fig. 3. numeral 3 shows a DNA size marker n,^ TrT i^k 

™s^ 0 ^ supercdi *• p,asmw — * * 



50 

_ Comparative Example 1 
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KL °* in „ Pa I S ° n ' P . urrf,cat,on of a P lasmid P BR 322 was conducted from the cleared lysate of E^eridjacdi 
cSarlv ^ht? 3 " 96 , ,nt6raC f °" chromato 9 ra P hv al °"e. After having prepared the cleared lysatel SnS 
1 °h 6 £ * ^ V °' Ume ° f 20 mM Tris ^h'oric add buffer (pH 7.5) was adTed ftereSSJ 
a sample for the .on exchange chromatography. Into the previous DEAE-5PW column Liltorated with 20 1 S 
hydroch.or,c acd buffer (pH 7.5) containing 0.6M sodium chloride and 1 mM EDTA, 3 ml XEE!2 injit^d and 
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then 20 mM Tris hydrochloric acid buffer (pH 7.5) containing 0.6M sodium chloride and 1 mM EDTA was fed into the 
column for 60 minutes at flow rate of 1 ml/min to elute the impure substances outside the column. Next, elution was con- 
ducted by the gradient method similarly to the Example. As a result, a chromatogram as shown in Fig. 4 was obtained. 
In Fig. 4, numeral 1 shows peaks of impurities and numeral 2 shows a peak of plasmid-containing fraction. The column 
5 effluent corresponding to the peak 2 was collected and the purity was examined by agarose geJ electrophoresis. As a 
result, electrophoretic images as shown in Fig. 3 were obtained. In Fig. 3 f numeral 3 shows a DNA size marker, numeral 
4 shows a plasmid fraction obtained in the Comparative Example, numeral 5 shows a plasmid fraction obtained in the 
Example* 1 , and numeral 6 shows an electrophoretic image of commercial purified pBR322. Many impurities were con- 
tained in the plasmid fraction obtained by means of ion exchange chromatography alone. 

10 

Example 2 

(1) Preparation of packing materials for hydrophobic interaction chromatography 

15 [00461 Employing a packing material for gel filtration chromatography (G6000 PW (from Tosoh Corp.)) with average 
particle diameter of 20 pm and average pore diameter of 2000 angstroms as the base material, the packing material for 
the hydrophobic interaction chromatography was prepared. A mixture of 20 g of G6000 PW washed and substituted 
with 1,4-dioxane, 20 g of 1,4-dioxane, 1 g of 1 ,2-epoxyoctane and 0.5 ml of boron trifluoride as catalyst was stirred and 
mixed for 6 hours at 45 °C to obtain a packing material (hereinafter referred to as Octyl-6 PW) having octyl group for 

20 adsorbing plasmid and for hydrophobic interaction chromatography. 

[0047] Next, employing a packing material for gel filtration chromatography (G5000 PW (from Tosoh Corp.)) with aver- 
age particle diameter of 20 um and average pore diameter of 950 angstroms as the base material, a packing material 
with weak hydrohobicity was prepared. A mixture of 20 g of G5000 PW, 20 g of 1 ,4-dioxane, 1 g of 1 ,2-epoxybutane and 
0.5 ml of boron trif iuoride as catalyst was stirred and mixed for 6 hours and at 45 °C to obtain a packing material (here- 

25 inafter referred to as Butyl-5 PW) having butyl group for adsorbing RNAs and proteins and forhydrophobic interaction 
chromatography. Each packing material was packed into a stainless steel column with inner diameter of 7.5 mm and 
length of 7.5 cm. 

(2) Separation of a plasmid by a combined use of hydrophobic interaction chromatography and ion exchange chroma- 
30 tography - separation by hydrophobic interaction chromatography 

[0048] After Escherichia coli having pBR 322 as a plasmid was cultured for 16 hours at 37 °C, the medium was sub- 
jected to centrifugal separation for 20 minutes at 4 °C and 8000 rpm. The precipitated Escherichia coli was suspended 
into 10 ml of 25 mM Tris hydrochloric acid buffer (pH 7.5) containing 100 mg of lysozyme, 50 mM glucose and 10 mM 
35 ethylenediamine tetraacetate (hereinafter referred to as EDTA), which was stirred and then allowed to stand for 5 min- 
utes at room temperature to dissolve cell wall. Then, 20 ml of 0.2N sodium hydroxide solution containing 1 % sodium 
dodecylsulfate were added thereto, after gentle fluxing, the mixture was allowed to stand for 10 minutes under cooling 
with ice to dissolve cytoplasmic membrane. 

[0049] Next, 15 ml of 3M sodium acetate buffer (pH 5.4) were added thereto, and the mixture was stirred slowly and 
40 allowed to stand for 30 minutes under cooling with ice. Then, after being subjected to centrifugal separation for 20 min- 
utes at 4 °C and 10000 rpm, the supernatant was collected to obtain a cleared lysate of Escherichia coli . After equal 
volume of 0.1 M sodium phosphate buffer (pH 7.0) containing 4M ammonium sulfate was added to the cleared lysate of 
Escherichia coli . this mixture was subjected to a hydrophobic interaction chromatography. 

[0050] Into tandem columns of Butyl-5 PW column and Octyl-6 .PW cplumnJlinked in series, which were equilibrated 
45 with 0.1M sodium phosphate buffer (pH 7.0) containing 2M ammonium sulfate and 1 mM EDTA, 3 nil of the cleared 
lysate of Escherichia coli containing ammonium sulfate were injected, and then 0.1 M sodium phosphate buffer (pH 7.0) 
containing 2M ammonium sulfate and 1 mM EDTA was applied into the tandem columns for 20 minutes at flow rate of 
1 ml/min to elute the impure substances outside the columns. Following this, after having detached Butyl-5t PW column 
outside the flow path system, 0. 1 M sodium phosphate buffer (pH 7.0) containing 1 mM EDTA was fed into only Octyl-6 
so PW column for 15 minutes at flow rate 1 ml/min. As the result, chromatogram as shown in Fig. 5 was obtained. In Rg. 
5, numeral 1 shows a peak of impurities and numeral 2 shows a peak of plasmid-corrtaining fraction. The column efflu- 
ent corresponding to the peak 2 was collected and purified further by means of ion exchange chromatography as shown 
below. 

55 (3) Preparation of a packing material for ion chromatography 

[0051 ] This was prepared by the way described below, employing a packing material (G6000 PW (from Tosoh Corp.)) 
for gel filtration chromatography with average particle diameter of 20 um and average pore diameter of 2000 angstroms 
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as base material. A mixture of 20 g of G6000 PW washed thoroughly with pure water. 40 g of pure water, 10 g of 
epichlorohydrin, 10 g of diethylaminoethanol and 5 g of NaOH was stirred and mixed for twenty-four hours at 40 °C to 
obtain anion exchanger (hereinafter referred to as DEAE-6 PW) having total ion-exchange capacity of 0.05 meq/ml-gel 
for purifying plasmid. 

5 [0052] This packing material was packed into a stainless steel column with inner diameter of 7.5 mm and length of 
7.5 cm for ion- exchange chromatography. 

(4) Separation of a plasmid by a combined use of hydrophobic interaction chromatography and ion exchange chroma- 
tography 

10 

[0053] After 3 ml of a plasmid fraction was injected into a DEAE-6 PW column equilibrated with 20 mM Tris hydrochlo- 
ric acid buffer (pH 7.5) containing 0.6M sodium chloride and 1 mM EDTA, 20 mM Tris hydrochloric acid buffer (pH 7.5) 
containing 0.6M sodium chloride and 1 mM EDTA was fed into the column for 35 minutes at flow rate of 1 mi/min to elute 
impure substances outside the column. 

15 [0054] Then, the elution was conducted by a gradient method wherein the concentration of sodium chloride in 20 mM 
Tris hydrochloric buffer (pH 7.5) containing 1 mM EDTA was changed continuously from 0.6M to Q.8M over 30 minutes 
at flow rate of 1 mi/min. As a result, a chromatogram as shown in Fig. 6 was obtained. In Fig. 6, numeral 1 shows peaks 
of impurities and numeral 2 shows a peak of plasmid-containing fraction. The column effluent corresponding to the peak 
2 was collected and the purity was examined by agarose gel electrophoresis. When dying the gel after the electrophore- 

20 sis with ethidium bromide, a supercoil type plasmid of high purity could be obtained in the present Example. Compara- 
tive Example 2 

[0055] For comparison, purification of a plasmid pBR 322 from the cleared lysate of Escherichia coli was conducted 
by ion-exchange chromatography alone. 

[0056] After the cleared lysate of Escherichia coli was prepared like as in Example 2, equal volume of 20 mM Tris 
25 hydrochloric acid buffer (pH 7.5) was added thereto to make a sample. Into the above-mentioned DEAE-6 PW column 
eguilibrated with 20 mM Tris hydrochloric acid buffer (pH 7.5) containing 0.6M sodium chloride and 1 mM EDTA, 3 ml 
of the sample were injected, and thereafter 20 mM Tris hydrochloric acid buffer (pH 7.5) containing 0.6M sodium chlo- 
ride and 1 mM EDTA was fed into the column for 60 minutes at flow rate of 1 ml/min to elute impure substances outside 
the column. 

30 [0057] Then, the elution was carried out by the gradient method likewise as in Example; As the result, a chromatogram 
shown in Fig. 7 was obtained. In Fig. 7, numeral 1 shows peaks of impurities and numeral 2 shows a peak of fraction 
containing plasmid. The column effluent corresponding to the peak of numeral 2 was collected and the purity was exam- 
ined by agarose-gel electrophoresis. As the result, the plasmid fraction obtained by ion-exchange chromatography 
alone was recognized to contain a lot of impurities. 

35 

Example 3 

Adsorption capacity of a plasmid 

40 [0058] Adsorption capacity of the packing material for hydrophobic interaction chromatography employed in Example 
2, Octyl-6 PW was examined. Into a stainless steel column with inner diameter of 6.0 mm and length of 10 mm, the gel 
was packed and 0. 1 M sodium phosphate buffer (pH 7.0) containing 2.0M ammonium sulfate and 0. 1 mM EDTA was fed 
thereinto for 20 minutes at flow rate of 0.64 ml/min to make the column equibrated. Then, about 0.4 mg/ml plasmid pUC 
1 9 (2686 base pairs) of 4 ml was injected into the column and non-adsorption fraction which was not adsorbed onto the 

45 column was collected. 

[0059] Next, by changing the eluent to 0.1M sodium phosphate buffer (pH 7.0) containing 0.1 mM EDTA, plasmid 
adsorbed onto the column was eluted to collect the adsorption fraction. 

[0060] Following this, basing on the calibration curve of plasmid pUC 19 (an equation which shows the relationship 
between the injected quantity of plasmid pUC 19 and area of chromatograph) which was previously obtained by a gel 

so filtration chromatography on TSK gel DNA-PW column (from Tosoh Corp.), the quantity of plasmid pUC 19 contained 
in every fraction was determined to calculate adsorption capacity per 1 ml of gel and recovery. With respect to the pack- 
ing material for ion exchange chromatography, DEAE-6 PW, the adsorption capacity was likewise examined, too. 
[0061] Except adsorption and disorption eluents all of the others were conducted under the same condition. As the 
result, adsorption quantity of Octyl-6 PW was 1.1 mg/ml and adsorption quantity of DEAE-6 PW was 2.4 mg/ml. Fur- 

55 ther, recoveries thereof were 90.3 % and 77.3 %, respectively. 
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Comparative Example 3 

[0062] For comparison, a packing material of which pore diameter is smaller than that of Octyl-6 PW was prepared 
and the comparison of adsorption quantity was tested. The preparation was made by employing a packing material for 
5 gel filtration chromatography (G5000 PW (from Tosoh Corp.)) with average particle diameter of 20 urn and average pore 
diameter of 950 angstroms as a base material. A mixture of 20 g of G5000 PW, 20 g of 1 ,4-dioxane, 1 g of 1 ,2-epoxy- 
octane and 0.5 ml of boron trrf luoride as catalyst were stirred and mixed for 6 hours at 45 °C to obtain Octyl-5 PW hav- 
ing octyl group. 

[0063] With respect to packing material for ion-exchange chromatography, commercially available DEAE-5 PW (aver- 
10 age particle diameter of 20 urn, average pore diameter of 880 angstroms, from Tosoh Corp.) of which pore diameter Is 
smaller than that of DEAE-6 PW was employed, too. The determination of adsorption capacity of plasmid was con- 
ducted likewise as in the above-mentioned Example. As a result, adsorption capacity of Octyl-5 PW was 0.6 mg/ml and 
adsorption capacity of DEAE-5 PW was 1.2 mg/ml. Recoveries thereof were 89.9 % and 60.6 %, respectively. 
[0064] As evident from the above results ol Example 3 and Comparative Example, those having larger pore diameter 
15 can submit good results for long chain nucleic acids such as plasmid in both adsorption capacity and recovery. 

Claims 

1 . A method for separating nucleic acids by hydrophobic interaction chromatography. 

20 

2. The separating method of Claim 1 , wherein a packing material with a functional group introduced to adsorb nucleic 
acids that exhibit certain hydrophobicity is used for the packing material to be used for the hydrophobic interaction 
chromatography. 

25 3. The separating method of Claim 1 or 2, wherein packing materials with functional groups introduced to adsorb 
nucleic acids having different hydrophobicity, respectively, are combined for the packing materials to be used for 
hydrophobic interaction chromatography to separate nucleic acids. 

4. The separating method of claim 3, wherein a packing material having a functional group with weaker hydrophobicity 
30 and a packing material having a functional group with stronger hydrophobicity are combined in this order. 

5. The separating method of any of Claims 1 through 4, wherein the average particle diameter of the packing material 
to be used for the hydrophobic interaction chromatography is within a range from 2 to 500 urn. 

35 6. The separating method of any of Claims 1 through 5, wherein the average pore diameter of the packing material to 
be used for the hydrophobic interaction chromatography is within a range from 500 to 4000 angstroms. 

7. A method of separating nucleic acids using hydrophobic interaction chromatography and ion exchange chromatog- 
raphy in combination. 

40 

8. The separating method of Claim 7, wherein a packing material with a functional group introduced to adsorb nucleic 
acids that exhibits certain hydrophobicity is used for the packing material to be used for hydrophobic interaction 
chromatography to separate, and then ion exchange chromatography is used to separate nucleic acids. 

45 9. The separating method of Claim 7 or 8, wherein packing materials for the hydrophobic interaction chromatography 
are combined in a way that the hydrophobicity is increased in sequence from a packing material having a functional 
group with the weakest hydrophobicity, successively to a packing material wfth the second weakest hydrophobicity 
to separate, and then ion exchange chromatography is used to separate nucleic acids. 

so 1 0. The separating method of any of Claims 7 through 9, wherein the average particle diameter of packing materials to 
be used for hydrophobic interaction chromatography and ion exchange chromatography is within a range from 2 to 
500 urn. 

11. The separating method of any of Claims 7 through 10, wherein the pore diameter of packing material to be used 
55 for ion exchange chromatography is within a range from 1 500 to 4000 Angstroms. 

12. The separating method of Claim 1 or 7, wherein the nucleic acids to be separated are long chain nucleic acids. 
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Compounds (a): These may be long chained or branched, saturated hydrocarbon groups or unsaturated hydro- 
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Fig- 1 
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Fig. 4 
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Fig. 6 
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